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The invention relates to a method tor coupling 
proteins to a starch-derived modified polysaccharide. 
The binding interaction between the modified 
polysaccharide and the protein fe based on a covaJent 
bond which is the result of a coupling reaction 
between the terminal aldehyde group or a functional 
group of the modified polysaccharide motecute resulting 
from the chemical reaction of this aldehyde group and 
a functional group of the protein which reacts with 
the afidehyde group or with the resulting functional 
group- of the polysaccharide molecule. The bond 
directly resulting from the coupling reaction can be 
optionally modified by a further reaction to the 
aforementioned covalent bond. The invention further 
rotates to pharmaceutical compo&fflan* that comprise 
conjugates formed in this coupling process and to the 
use of said conjugates and compositions for the 
prophylaxis or therapy of the human or animal body. 
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Coupling protein 3 to a modified poly saccharide 

The rapid development in genetic engineer i ng in recent 
decades has led to the new identif teat ion of a large number 
5 of genes for proteins having potential therapeutic benefit; 3 
and to the possibility of producing without difficulty the 
corresponding gene product s r pure or nearly pure in 
relatively large quantities, with the aid of biological 
expression systems. 

However, it has emerged that the use or such proteins in 
practice, e,g. in diagnosis , therapy and for 
biotransformations, frequently meets with dif f iculfcies 
because the stability and solubility properties thereof, 
15 especially at physiological pK values, are often 
unsatisfactory. Two examples of such proteins are tumor 
necrosis factor TNF^at or intcrlejkin-2. 

Solubility problems additionally occur very frequently in 
20 the expression ot glycoproteins in prokaryotic systems such 
as call, because they are Chen expressed without the 
na rural glycosylaticn, resulting in a considerably reduced 
solubility in some cases. This may aa«:e it necessary to use 
considerably irore costly eukaryotic expression systems. 

25 

On therape-jtic use in the body, many proteins are very 
quickly removed from the bloodstream or degraded. 
Systemically administered proteins having a molecular 
weight of irore than about 70 kD way be removed from the 
30 circulation by the reticuloendothelial system or specific 
interactions with cellular receptors. Smaller proteins 
having a molecular weight cf less than about 70 kD way in 
addition be removed to a large extent by the glomerular 
filtration in the Sidney {exclusion limit about 70 kO) . 
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An approach followed recertiv «t • - 

v , r^cer.tiy to elxmuiate tne described 

aa 'Tc B ^ S °^^ity in water. Such 

' : a :/ Xd -- ?le ' **** and dextran. On >,e 

one hand, at is possible fcy ^ c 

™oiecui ar wej ,,hc ahove che tfcre3hold * *;Z Zl the 

reaid -« «« o £ prote ; n ° i an b : 

^cn.ly increased , artd 0 „ , he othec ^ • ^ 
polymer portion. nyatophl uc 

farther, usually beneficial .Ff..^ - . 

with coupling o proteC t^T , * ^ 

-ask'ncr of „ : Polymers are based on the 

«ask_ng of pxQtease ^cognition sites and antigenic 

"7"" °" °» * -lecule by the bound poller 

On the one hand, it is possible thereby for th* n.. " 
~ substantially to escpe JL^^ZZ? 

polymer team enzymatic degradation and, in addition 

from thermal mp,,^.,,^. , addition, often 

in .ivo htl.Tr In ^ CaSSS ' the "ability and 

«nd thTi™ " ^ PrQtSi " 3 13 Creased, 
x-r.uoogen.city and antigenicity fal i 5( thereby . 

ll^T, ^ m0difiCacio - beon carried out with 

polyethylene gIycs>1 or desctran , „. ° ut w ^ th 

O'Pfprr^ EG ^eifO generally 

Preferred because it afford* simpler products. 

Dexcran couplings have been described fox only a fe „ 
P^oajcts, a low metabolic stability a ^ {n 
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led Co none of these dextran coupling products being 
approved A3 yet for therapeutic use in humans or animals, 

Derivatizatior.s v/ith PEG have been carried out considerably 
5 more frequently, so that this method can now be regarded as 
standard for increasing the molecular weight of prozeins* 
Some of" these derivatives are in various phases of clinical 
trials or are already approved in the OS A. PEG-henwglobCn 
is currently in phase III, as i3 a PEG adduct of superoxide 
10 dismutase (SOD) , which is the protein which has been 
investigated most in relation to polymer couplings. 
PEG-coupled asparaginase is already employed in the therapy 
of acute lymphocytic jeukemia. In 2001, PEG-interf eron-a 
was approved for rhe treatment of hepatitis c patients. 

15 

On use of these PEC conjugates, however, side effects 
ranging fro:(i unpleasant to dangerous have also been 
reported/ such as pruritis r hypersensitivity reactions and 
pancreatitis. Tn addition, the biological activity of the 
20 proteins after PEG coupling is often very low and the 
metabolism of the degradation products of PEG conjugates is 
sttli substantially unknown and possibly represents a 
health risk. 

25 ?JO 99/49S27 describes conjugates of hemoglobin which are 
formed by reacting the aldehyde groups of ox i datively ring- 
oper.ed polysaccharides such a3 hydroxyethylstarch or 
dextran with primary amine groups of the protein. However, 
in this case, the employed polysaccharides act as 

30 polyfunctional reagents, resulting in a very heterogeneous 
product mixture with properties which are difficult to 
adjust. 

US patent 6,083,909 describes a process for coupling 
35 selectively oxidized hydroxy© thy 1 starch to hemoglobin in 
DMSO. Our investigations have shown, however, that the 
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desired p^euct i, not obtained under 

„t '. fe ? SE he3,09lObi ° iS in "« and 

-hue io 5es lt3 biological activity. 

There is thj s stiU , need fer phys . oi 
tolerated auematives to dextraa- or PES . COLp1e(J protein ; 
~th which the solubility of P ro,ei ns car. be proved o 
to. plasna residence time of the proteins can be increased. 

It is therefore an object of the indention to provide such 

!^ ernSUVKS and t0 deve -<>P s*?^ *nd efficient processes 
for prepay soch E i terndtive protein declvatives 

rhis objec. is achieved according „ thc invention by 
hydroxyalkvlstarch-protein conjugates whi <* ar * 
caaracterized in that the binding interaction between the 
hydroxyalkyistarcb molecule and the protein is based or a 
covalent bonding which is the rssult of . ^ ^ 
between the terminal aldehyde group, or a functional group 
derived from this aldehyde group by chemical reaction. Tl " 
the h y dro*yalkyl Starch ^iecule and a factional grouu. 
. *lch is able to react with this aldehyde group or 
functional wup there±r0!a Qf 

nydroxyaLxylstarch molecule, of the pcot ein. wnere the 
bonding resulting directly i„ tto Coupling £eacticn ^ 
modified where appropriate by a further re e ction to giv- 
the abovementioned covalent bonding. 

The invention f urther inclU(je3 pharraaccyzical 
which comprise these conjugates, and ,he use of these 
conjugates and compositions for the prophylactic or 
therapeutic treatment of the human or ani« al body, and 
■ncthous for preparing these conjugates and compositions. 

It has surprisingly been found that the reactions described 
above can, w.th a suitable choice of the conditions, be 
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carried oat in aqueous solution, thus allowing the 
biological activity of the proteins .in many cases to be 
completely cr partly retained. 

The aqueous reaction medium for the coupling reaction is in 
this case preferably water or a mixture of water and an 
organic solvent/ where the proportion of water in the 
mixture ir, at leas- about 70% by weight, preferably at 
least about B0% by weight, more preferably at least about 
90% by weight. 

The molar ratio of hyrtroxyalkylstarch (HAS) to protein in 
the coupling reaction is usually about 20:1 to 1:1, 
preferably about 5:1 to 1:1. 

The remaining biological activity of the inventive 
hydroxy alky 1 starch-protein conjugates, based on the initial 
activity of the protein, is usually at least 40%, 
preferably at least 50%, more preferably at least 70%, even 
more preferably at least &Q%, jrost preferably at least 95%. 

The hydroxyalkylstarch (HAS) employed according to the 
invention can be prepared by a known method, e.g. 
hydroxyaikylaticn cf starch at the C 2 and/or C fi position Of 
the anhydroglucose units with alfcylene oxide or 
2-chloroaIkanol, e.g. 2-chloxoethanol (see, for example, 
US 5,218,108 Eor the hydroxyethylation of starch), with 
various desired molecular weight ranges and degrees of 
substitution. It is also possible to employ any 
preparations obtainable commercially. The definition ot the 
ai'syl qrouping in "hydroxyalkylstarch", as used herein, 
includes methyl, ethyl, isopropyl and n-propyl r with 
particular preference for ethyl, A substantial advantage of 
HES is that it is already approved by the authorities as 
biocompatible plasma expander "and is employed clinically on 
a large scale. 
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?he average molecular weiuh^ of h>10 - . 

be in the range from ^ ^ 'T^ 1 ^ 

prefer^, abcut 4 kD J^ JJt ,W0 ~ r °" dal ~" S ' 

frorr. about 70 kD to abo- Jt loon ^ range 
chosen so that zhe Mb0wmM oned fct) ^ 

wiU pref erably ^ in <^<>* y al ky i st3rch 

16 *ay also be advantageous^ " " * Pr ° tei °' 

15 poly™^ chains i*.* ! P * pluralit * °' 

-h.T ° f ° ne ° f hl 9 h molecular weioht 

»he degree of substitution (rat'o of r ho . w^ght. 

aahydroglucosa uni- s to ► Cf modi fied 

i„ * ! " t0 tne nu[nbe - <* a^hydrogiucose units 

ra„ ge fro* about 0.2 co 0.6, preferably about 0 3 to oT 
20 more preferably about 0 5 <M 0te> * °° UC °' 3 to y - 7 < 

<Note: the numbers relate t D 

t r., w f , a rr:T;: w r *■ • - » - 

/ P-exe_dOly in the jra.nge from a to 12. 

. h igher ^^^TT TZZ 
proportion of C, substitution increa-ina r„ ?! 
time. increasing che residence 

35 These relationships also ' apply to the • - 

^rox ya i kyiacarch . piotein ^^J^ ^ - J. :r ^ 
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residence time of a particular conjugate in the plasma can 
be adjusted via the proportion of polysaccharide* 

Hydroxyethyl starch products vith an average molecular 
5 weight: ot 130 kP and a degree of substitution of 0.5, and 
with an average molecular weight of 200 ku and a degree of 
substitution ol 0,25, have already been useci clinically as 
blooc substitutes and are also suitable Cor use in the 
present invention. 

10 

The protein suitable in the present invention is in 
principle any protein which has the necessary functional 
group, e.g. a free amino group, thiol group or carboxyl 
group, for reacting with the functional group of the HAS 
lb molecule - 

A desired functional group can be introduced also by 
reacting the protein with a suitable, physiologically 
tolerated, bifunctional linker molecule. The remaining 
20 reactive functional group of the cou?J.ec-on linker molecule 
i3 then likewise regarded as "reactive functional group of 
the protein* for the purposes of the present, invention. 

Suitable linker molecules comprise at one end a grouping 
25 able to enter into a covaient bonding with a reactive 
functional group ot the protein, e.g. an amino, thiol, or 
carboxyl group, and at the other end a grouping likewise 
able to enter into a covaient bonding with the terminal 
aldehyde group or a functional group derived therefrom by 
30 chemical reaction, e.g. a carboxyl group, activated 
earfcoxyl group, amino or thiol group. Between the two 
functional groups of the linker molecule chere is a 
biocompatible bridging molecule of suitable length, e.g. a 
grouping derived from an alkane, an (oligo) a 1 xylene glycol 
35 grouping or another suitable oligomer grouping. Preferred 
groupings able to react with amino groups are, for example, 
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escers, ifnido ' - JIto N-^ydroxysuccinijEide 

example, maleiinide and ^ ^ h ^ ?coups « e , 

f °-' -ino or thiol gtou y p :. ' ^ 

Samples of iinker . 

factions are: * Connecting SH and NK 

M3S ? ^^-^cap royi0xy) succiniraide 

n^T^ - " -thyi , c yc lo- 

GK5S f °" f riflylCith ^'P-p, i0 na t e, 3_<2 " 



EMCS 



ester) 

j^^^^idocapro y io Xy)suif(>Saecin|:nie . e 

SH and SH 



examples of linker moleuules f« 
Unctions are: oie - u ^ S ±0r connectiflg 

iDis-maleitnidohexane) 
">is-r»aiei mi<jo « hatie> 
<di th i.o-hi s ^ai eijnidoethane) 
<1.6-hoxane-bi 3 - vioyi Sulfone , 
«t.8-bi s - 1 „al elmiaotriethylene glycQi) 

(l.U-b i3 -n, a ie.i a i^t et ra e thyl e ne glycol, 



DMOE 
D7M£ 
HB7S 

5M(PE0J ? 
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Examples of linker molecules for connecting NH and Nil 
functions arei 

BSOCOES (bia - (2 -8uccinim.i.dyloxycarbonyloxy) ethyl) 
sulf one 

BS 3 (bis- (Bul£oeuccinimi4yl) subcrate) 

DFDNB U - 5 -di f luoro- 2 , 4 -nitrobenzene ) 

DMA (dimethyl adipimidate KCl) ) 

DSG (disuccininndyl glutarate) 

DSS (disuccinimidyl suberate) 

EGS (ethylene glycol bis(auccinimidyl euccinate) . 



molecules for connecting SH and CHO 



Examples of linker 
functions are: 

BKPH (n- <fc-maleimidoprapionic acid) hydrazide TFA) 

EMCA (N-<s-maleiKUdocaproic acid) hydrazide) 

xmuii W- (ic-Tnaleinidoundecanoic acid) hydra zldc) 

M 2 c a H (4 - (N- maleimidomethyl ) cyclohcxane - 1 - 

carboxyl hydrazide HC1> 
MPBII (4 - (4 .tf-roaleimidophenyl) butyxic acid 

hydrazide HC1) 
PDPK O - (2-pyridyldithio) propionylhydrazidc) . 

An example of a linker molecule far connecting SH and OH 
functions is 

PMPI (N-<p-mal*imidophenyl3 isocyanate) . 

Examples of linker molecule* for converting an SH function 

into a CCOH function are 

BMPA (N-E-maleimidopropionic acid) 

BMCH (tf-S-maleimidocaproie acid> 

KMUA (K-K-maleimidoundecanoic acid) . 

Examples of linker molecules for converting an NH function 
into a COOH- function are MSA {methyl N-euccinimidyl 
adipate) or longer-chain " homologues thereof or 
corresponding derivatives of ethylene glycol. 
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Examples of i inkor roolecui6s f convertina * ronM * 

i*. . mi are DflB cx.^^i™ f ;;:;:r 

chain homolooues ' cr io ^g*r~ 

.-.hyUn. " *°""*°»«™> -~l»ti™. of 

An w^pl. of , Un ,. r „, 

::::::: rr^r, r t - — 

desired Li the has 4-k y«."«*>3 present and 

« the has *nd the protein to be coupled or and ho 
prepared by know, methods. ' d b ° 

The tern, » prot ein" for the purposes of the pre s en t 
invention is infendPrt ; ^ . Present 
whfr -h • - ed CO every amino acid sequence ' 

co-prrses at least ,- l2 amino acids, preferably": 

oncoprotein* k derivatives, pre Ds pCof 

derivatives, e . g . ; U3ion protAi neoglycoprote < „, or 
Proteus madiried by gef etic * y P«t^n 8 or 

, ion proteins, p, oteins witn ^ ^ 

introduce preferred coupling sites. to 

oT ;^* iict : oc cherapeutic of the h,™ 

or animal body, tke relevanc pr!)tein 

particular desired Action in the bony. The ProtGi 
therefore preferable ^ Protein 

catalvti- Y " bl> has ' for ex ^Ple, a regulatory or 
catalytic function., a signal transmitting o t ' c „ nsoort 
function or a function < n ^ transport 
a runction in the rnr=ur.e response or induction 



CA 2O04-O&-O1 



- 11 - 

of an immune response. 

rhe protein may be selected' fcr example from the c>roup 
composed of enzymes, antibodies, anzigens, transport: 
b proteins, bioadhesion proteins, hormones, growth factors, 
cytokines, receptors, suppressors,- activators, inhibitors 
or a functional derivative or fragment thereof. "Functional 
derivative or fragment" means in this connection a 
derivative or fragment which has retained a desirod 
;0 biological property or activity of the parent molecule in 
whole or in part, e.g. to the extent of" at least 10-30%, 
preferably more than 50%, even more preferably more than. 
70%, roost preferably more than 90*. Particularly preferred 
examples of such a fragment are antibody fragments. 

15 

Specific examples are a-, or -y-interferon, Interleukins, 
e.g, IL-1 to IL-I8, growth factors, e.g. epidermal growth 
factor (£GF) r platelet growth factor (PDGF), fibroblast 
growth factor (FGF) r bravn-derived growth factor (BDGF) , 

20 nerve growth factor <NG?>, B-cell growth factor <BCGF), 
brain-derived neurotrophic growth factor {BDNt') , ciliary 
neurotrophic factor (CN7F), transforming growth factors/ 
e.g. TG?-c* or TGF-p, colony-stimulating factors (CSF) > e.g, 
GM-CSF, G-CSF, BMP (bone rr.o rphogen i c proteins), qrowth 

25 hormones, e.g. human growth hormone, tumor necrosis 
factors, e.g. TNP-cr or TtfF-p, somatostatin, somatotropin, 
sonaxomedins, serum proteins, e.g. clotting factors 
II-XIII, albumin, erythropoietin, myoglobin, hemoglobin, 
plasminogen activators, e.g. tissue plasminogen activator, 

30 hormones or prohormones, e.g. insulin, gonadotropin, 
melanocyte-stimulating hormone («-M5H) , triptorelin r 
hypothalamus hormones, e.g. antidiuretic hormones {ADH) and 
, oxytocin, and liberins and statins, parathyroid hormone, 
thyroid hormones, e,g- thyroxine, thyrotropin, 

35 thyroliberin, prolactin, calcitonin, glucagon, glucagon- 
U<e peptides (G^P-1, GLP-2, etc.), exendins, e.g. 
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) 



irearin ' , PC1R ' v *»°P«« a in. gastrin, sec ~ et in 
m.egr.ns, glycoprotein hormones <..». t(i FSH * 
Dicnn^n*-^^, i 1 LH ' ^5H, etc.), 



- — . iiuAraones (ft, a. LB ret, 

Pigmentary honnones, lipoproteins an* a ' 
p , apo E, Apo-L B , ittoDunoglob-jlins, c .o. r„ G fa* - M 

corresponding receFtocs .J ;;;";/!' ^ ^-P^-te. 
functional derivative or frL \ * Proteins; or , 

or receptors. ^ ° f °" e ° C P«teins 

suitable enzyme, may ba selectee| f ; 

9-oups of carbohydrat e - speclric th * 
enzy^s, oxidases ^ Ciflc «nWa. proteolytic 

hydrolases, ly a3es eauc "ses, transferases, 

<»/ .Lyases, isomorases, kinases jrr* t ■ 

Specific, M n-re St rictive exa» 0 l„« g * SeS ' 

arginase, argi„*ne 1* e * ampI " & -« asparaginase, 

g^tandnase, Xta^! «^-*«— . 

~ni.-l« t"l t , P " M *°— ' Phenylalanine 
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one example of such a chemical reaction is the selective 
oxidation of this aldehyde group with a mild oxidising 
asent such as, for example, iodine, bromine or some metal 
ions, or else by means of electrochemical oxidation to a 
carboxyl group or activated carboxyl group, e.g. an ester, 
lactone, amide, with the carboxyl group being converted 
where appropriate la a second reaction into the activated 
derivative. This carboxyl group or activated carboxyl group 
can then be coupled to a primary amino or thiol group of 
the protein to form an amide linkage or thioester linkage. 

in a particularly preferred preparation method, this 
aldehyde group is selectively oxidized with a molar excess 
of iodine, preferably io a aolar ratio of iodine to HAS of 
from 2:1 to 20:1, particularly preferably about 5:1 to S:i, 
in aqueous basic solution. In the optimized method 
described in example 1, initially an amount of 
hydroxyalxylstarch is dissolved in hot distilled water, and 
somewhat less than 1 mole equivalent of aqueous iodine 
solution, preferably in a concentration of about 0.05-0.5N, 
particularly preferably about O.IK, is added. After this, 
an aqueous NaOH solution in a molar concentration which is 
about 5-15 tisr.es, preferably about 10 times, that of the 
iodine solution is slowly added dropwise, at intervals of a 
plurality of minutes, to the reaction solution until the 
solution starts to become clear again after the addition. 
Somewhat less than 1 mole equivalent of the above aqueous 
iodine solution is again added to the reaction solution, 
the dropwise addition of the NaOH solution is resumed, and 
the addition of iodine and NaOH are repeated until 
approximately 5.5-6 mole equivalents of iodine solution and 
11-12 oole equivalents of SaOH solution, based on the 
hydroxyalkylsiarch, have been added. The reaction, is then 
stopped. the reaction solution is desalted, e.g. by 
dialvais or ultrafiltration, subjected to a cation exchange 
chrcinatography, ar.rf the reaction product is obtained by 
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literature for similar coupling reactions, it has 
surprisingly oeen fcund in this connection that on use ct a 
carbodiiKide as a rule the use of othexvL-se obligatory 
further activators such es triazoles, e.g. HOBt, is 
unnecessary ol even ma^s ,the yields wors*. In too 
inventive coupling of ox-H£S to various roodel compounds in 
th* presence ot EDC and absence of HOBt by contrast it was 
possible to achieve high yields substantially irrespective 
of the molecular weight of the H2S (see examples) . 

Instead of the reaction of the carboxyl group or activated 
carooxyl yi-ou? with a Xre* primary amino group of Che 
protein (eg- or* a lysine or arginine residue), en 
analogous reaction with a thiol group (of a cysteine) of 
the protein is also possible in principle. However, it must 
be taken into account in this connection that cysteines are 
usually involved in S-S bridges and are therefore not 
available for a coupling reaction. If, on the other hand, 
tree cysteines are present, they frequently play an 
important part in. catalysis or are involved in the contact 
sitft of subunits, A modification ot these cysteines will 
then result in partial or complete loss of the biological 
activity. This problem could be elininated by introducing 
free cysteines by conventional genetic engineering methods 
such as, for example directed xut agenesis or chemical 
peptide synthesis at .those sines in the protein which are 
known tc play no part in the activity. Optimal control oi 
fha coupling site is possible in this way. Targeted 
introduction of other reaction arcino acids, e.g. Lys, His, 
Ary, Asp, Glu, into the protein would also be possible in 
the same v/ay. 

The reactive group of the hydroxy* 1 kylstarch molecule can 
also be an amine or thiol group produced by chemical 
reaction of the terminal aldehyde group. For example, a 
reductive aioinatioft of the aldehyde group can be carried 
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react with thiol groups are, for example, maleimide and 
carboxyl groups; preferred groupings able to react with 
aldenyde or carboxyl groups are, for example, amino or 
thiol groups. 

A number of specific, non-restrictive examples of suitable 
linker molecules have already been indicated above with 
reference to the conjugation of linker molecules to the 
protein- 

In an alternative inventive coupling method ot the present 
invention, the terminal aldehyde group is reacted directly 
with a primary amino group (e.g. of a lysine or arginine 
residue or of the N- terminus ) of the protein to form a 
Schiff's base. The formed Schif f ' s base is, subsequent or 
parallel thereto, reduced by reaction with a suitable 
reducing agent, resulting in a bonding which is stable in 
aqueous medium between protein and has. Preferred reducing 
agents are sodium foorohydride, sodium cyanoborohydridc, 
organic boron complexes, e.g. a 4- < dime thy! ami no) pyrin"! ne- 
boron. complex, N-ethyldixsopropylamine -boron complex, 
w-etnylmorphoiine-coron complex., N-methylrr.orphoiine-boron 
uomplex, N-pheriylmorpholine-bocor. complex, lutidine-boron 
complex, triethylamine-bcron complex, trimer.hylamine-borcn 
complex; suitable stereoselective reducing agents are, for 
example, sodium . triacetate borohydridc, sodium 
triethylboronydride, sodium trimethoxyborcnydride, 

potassium tri-sec-butylborohydridc (K-Selectride) , sodium 
tri- see-but ylborohydride (N-Seiectride) , lithium tri-sec- 
butylborohydcide (L-Seiectride) , potassium 

triamylborohydride (KS-Selectride) and lithium triamyl- 
borohydride (LS-selectride) . 

The yields can be improved by suitable variation of zhe 
reaction conditions. Parameters for such- optimization tests 
are the pH of the reaction mixture {possible protein 
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Compositions Of this type include a pharmaceutically 
effective amount cf a conjugate of the invention as active 
ingredient, and a pharmaceutical^ suitable carrier and, 
where appropriate, other therapeutic or pharmaceutical 
ingredients or excipients. Excipientn may include for 
example diluents, buffers, flavorings, binders, surface- 
active agents, thickeners, lubricants, preservatives 
(including antioxidants) and substances wi]ich serve to make 
-he formulation isotonic with the blood of the intended 
recipient. A pharmaceutical^ effective amount is the 
amount sufficient to display on single or multiple 
administration a desired beneficial effect during a 
treatment to alleviate, cure or prevent a pathological 
condition. A pharmaceutical ly acceptable carrier is a 
carrier which is compatible both with the active 
pharmaceutical ingredient and with the patient's body. 

The form of the composition will vary depending on the 
desired or suitable administration route. A preferred route 
is parenteral . adjoin 1st rat ion, e.g, subcutaneous, 
intramuscular, intravenous, intraarterial, intraarticular, 
intrathecal, extradural injection or, where appropriate, 
infusion. Intranasal, intratracheal or topical 
administration, is also possible. Topical administration of 
growth factors conjugated according to the invention might 
for example speed up wound healing. The pharmaceutical 
compositions may beneficially be supplied in the form or a 
dosage unit and be produced by any method well known in the 
pharmacy sector. 

The conjugates of the present invention can also be 
employed in all other sectors in which other protein- 
polymer conjugates, e.g. PEG-protein conjugates, have been 
used, some specie ic, non- restrictive examples are the use 
of an KA5-protein conjugate as imobilized catalyst or 
reactant for a reaction in heterogeneous phase or as a 



CA 0247B47B 2034^09-01 



20 



coiunin material -f^- 

^ for (lmmcno)aifiTi tv . 
Further possible U3 p S win • ~" xty chromatography. 

o„t with :. a '°«"°" s — =1" be 



EXAMPLE 1 



" g of HES-130 k D were dissolved in « „ „ 

solution < 0 .1N) were adde^ to Lhi* , ° : Is 

2 "1 of i.oh NaOK wa* 7, ^locion. A pip*^ with 

connect, S L ^Zl^ " ^ ^ * 

after addition of ac »™v *>luti*n was decolorized 

-lution wa S ::; ed a se ;°: portion cf 2 mi °* ^ e 

addition of a total of 1, n/oTt^ "* ^ 
of KaOK solution. Tne ^ S ° 1Uti ° n * nd 2 ■ 8 1 

a^lnst deioni.ed wat er «■» 



l&c conization: 



The partially desalted S ol„- ion wa „ 

chromatography ot n ejl . . SUD ^<=t-ed to a 

Into aldoni, acid ™Z * t" 5 -" the ■l*>«t. groups 

— by ivopniij;::: :,?7z*z v \ the was 

obtained. • J the ketone form was 



CA 0247B47S 2OO4-09-QI 



- 21 - 

Determination o£ the degree of oxidation: 

1 ml of alkaline copper reagent (3.5 g of Na 2 PO,, 4.0 g of 
K Ka tatrate in 50 ml of H 2 O r plus 10 ml of IN NaOH, 8.0 ml 
5 of 10% strength (weight /volume) CuSOn solution and 0.089 g 
of K iodate in 10 ml of H 2 0, after addition of 18 g of Ka 
sulfate, make up to 100 ml) are pipetted in each case into 
1 ml of sample solution under an N* atmosphere. The mixture 
is headed at 100'c for 45 minuses. After cooling, 0.2 mi of 

1Q 2.5% strength KI solution and 0.15 ml of X M t^SOd are 
added. After 5 rain, 1 drop of phenol red indicator solution 
(i% weight/ volume) is added, and titration is carried out 
with 5 mM Na s S;Oj solution until the color disappears. The 
concentration of unreacted aldehyde groups can be 

15 calculated from the consumption of titrant. 

An approximately quantitative yield was achieved (> 96%) . 
It is possible by this procedure to oxidize 
hydro* yet hyl starches with higher molecular weight (e.g. 
20 130 kD, 250 kD, 400 kD) just like hydroxyethylstarches with 
lower molecular weight (e,g. 10 kD, 25 XD, 40 kD) 9 in 
similarly high yields. 

EXAMPLE 2 

25 Selective oxidation of HES vith Cu 2+ ions 

A solution of 0.24 mrool of HES-130 kD was prepared in 10 ml 
of deionized water with heating. This solution was heated 
in a 100 dl round-bottomed flask to a temperature of 

30 70-80*0, and 1.17 mir.ol of stabilized Cu 2t (e.g. Rochellc 
salt as stabilizer or other stabilizers) and dilute aqueous 
NaOH solution was added (final concentration 0.1S NaOH) . 
The temperature was then raised to 100 *C, and the reaction 
was ailowp.d to proceed until a reddish color had appeared. 

35 The reaction was stopped and the reaction mixture was 
cooled to 4°C, The reddish precipitate was removed by 
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EXAMPLE 3 
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nixture was likewise dialyzed end lyophilized as described 
above. Analysis (as above) showed the coupling product was 
obtained, but the yields were somewhat lower than in the 
coupling with high molecular weight ox-HF.S, 

5 

EXAMPLE 5 

Coupling of ox-HES-130 3cD to myoglobin (Mb) 

4.3 g of ox-HES-130 kD were completely dissolved in waier 
10 {6-7 m.I), end then 100 ng of Mb (Sigrca, Taurkirchen) , 
dissolved in 10 mi of 0.1 M phosphate buffer (oH 7.0) , were 
added. The coupling reaction was started by adding 30 mg of 
EDC. J^ddition of edc was repeated every 2 hours until a 
~o"cai of 90 of tfie carbodiimidp. had been consumed. The 
15 reaction mixture was then dialyzed against 50 irvM phosphate 
buffer, pH 7.0, and lyophilized- G?C showed a definite 
produnt peak, which was detected in the hold-up volume at 
450 nir» it was possible to calculate a coupling yield of 
38* trcm this. The oxygen-binding capacity of the hesyiated 
20 myoglobin was about 76% of the binding capacity of 
unmodified Mb. 

EXAMPLE 6 

Coupling of ox-HES-10 KD to superoxide dismutase (SOD) 

25 

One part by volume of an aqueous solution of ox-h£S-10 kD 
(1.05 g/nl) was incubated with one part by volume of a 
7 tag/ml SOD solution (Sigma, Taufkircnen) in 50 mM 
phosphate buffer, pH 7.6, at room temperature- The coupling 

3D reaction was initiated by adding 280 mg of EDC in 
5 portions over a period of 24 h. The progress of the 
reaction was followed by GPC analysis in phosphate buffer 
and detection at 280 nm. After 24 h, 81% of the protein 
were found in the higher molecular weighs region of the 

35 separating column/ and the reaction was stopped after this 
vime. The reaction mixture was subjected to a diaf iltration 
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EXAKPLB 7 
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EXAMPLE 9 

Coupling of ox-HJ£3-2S JcD to human tumor necrosis factor a 
(TNFa) 

0.3 mg of hlWa (Sigma, Tauf kiccben) were added to 8 6 mg of 
ox -M$~2b kD in about 0,4 ml of 0.1 M phosphate buffer ( P H 
7. OK The cloudy solution was stirred for about 2 h before 
1 ma of EDC and 0.5 cag of KOBt were added. Stirring was 
continued for about 6 h, with the solution becoming clear 
during the reaction tiiue. The coupling product was isolated 
by ultrafiltration and freeze drying and analyzed by GPC 
and detection at 280 nm. A coupling yield of approximately 
■ 74% was found in this case- 

EXAMPLE 10 

Coupling of ox-BES-130 kD to glucagon-like peptide (GLP-1) 

7.4 g of ox-UES-130 ka were dissolved Ln a minimum volume 
of water by heating and gentle srirring. A solution of 
ID mg cf GI.P-1 in the amide form (Bachem, Switzerland) in 
bO mM phosphate buffer, pH 7.4, was added by pipette. The 
reaction was started by adding 35 mg of EDO and *as 
cautiously stirred for 2 h, This was repeated 2x more 
because, after this time, a peptide peak was no longer 
evident xn the GPC analysis at 280 nm, i.e. approximately 
complete conversion to the coupling product had taken 
place. This coupling product was diafiltered using a 30 kD 
membrane and lyophilized from phosphate buffer solution. It 
was possible to conclude from the results of a MALDI mass 
spectroscopy that the stoichiometry between peptide and HES 
was 1:1. 
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EXAMPLE 13 

Coupling of BES-40 kD to asparaginase 

3.0 q of KES-40 kD were completely dissolved in water 
5 (about 4 ml) . A solution of 8P mg yl asparaginase (Sigma r 
Taufkirchen) in 6 mi of 0,1 M borate buffer, pH 9.0, were 
added thereto and. stirred until the reaction mixture was 
clsair- The temperature was then raised to 37 *C and, after 
2 h, about mg of KaBHaCN were added. This reaction cycle 
10 was repeated 3x more. The product was worked up by 
dialyzing t.ne reaction mixture against D.l M phosphate 
b'jfrer, pH 7.4. The yield of coupliny product was about 
61%, and about 73% of tfcft asparaginase activity was 
recoverable. 

15 

EXAMPLE 14 

Coupling of HBS-130 kD to human interl*ukirv-2 (IL-2) 

50 mo, o± HE5-130 kD were completely dissolved in water 
20 (about 0.2 ml). A suspension of 0.25 mg of human l.X*-2 
(Sigma, Taufkirchen) in 0.2 mi of 0. 1 M borate buffer, pH 
9.0/ was added thereto and stirred until the reaction 
mixture was clear {4 h) . 2 mg portions of NaBH,Ctf were 
added at intervals each o£ 4 h, and stirring was continued. 
25 After a further reaction r.irce of 24 h, the mixture was 
dialyzed against 0.1 y. phosphate buffer, pK 7.4 and 
lyophilized. The yield of coupling product was about 42% 
according to GPC analysis. 

3D EXAMPLE 15 

Coupling of HES-130 kD to insulin 

4.0 g of RES-130 KD were completely dissolved in water 
(about 6 ml) - 55 mg of insulin from bovine p3ncreas (Sigma, 
35 laufkirchen) in 7.5 tU of 0.1 M borate buffer (pH 9-0) , 
were added thereto and stirred at 37*C for about 24 h. The 
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CLAIMS 

1. A hydrcxyalkylstarch-protein conjugate, characterized 
in that the binding interaction between the 
hydroxyalkylstarch molecule and Che protein is based on 
a covalent bonding which is the result of a coupling 
reaction between (i) the terminal aldehyde group, or a 
functional group derived from this aldehyde group by 
chemical reaction, of the hydroxyalfcylstarch molecule 
and (ii) a functional group, which is able to react 
with this aldehyde group or functional group derived 
therefron of the nydroxyaikylstarch molecule, of :.he 
protein, where the bonding resulting directly in the 
coupling reaction can be modified whore appropriate by 
a further reaction to give the abovementioned covalent 
bonding . 

2. The hydroxyalkylstarch-prctein conjugate as clained in 
claim 1, characterized in that the functional group 
derived from, the terminal aldehyde group of the 
hydroxyalky! starch molecule by chemic«iL reaction is one 
of the functional groups of a bifunctional linker 
molecule with which the terminal aldehyde group has 
been reacted. 



3, The hydroxyalkylstarch-protein conjugate as claimed in 
claim 1 cr 2, characterized in that the reactive 
functional group of the protein is one of the 
functional groups of a bi functional linker molecule 
which has been coupled onto the protein. 

4. The hydroxyelkylstarch-procein conjugate as claimed in 
clain ) or 2, characterized in that the reactive 
functional group of the protein has been introduced 
into the protein by recombinant modification of the 
original amino acid sequence. 
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W " U-tol 7~oup of ,.„, p „ t " „ ' 

that im t^,^ , Cl *" 5 ' ««ac t .ri red in 

t!» result o- ' *" «M<* 1= 

between the to™**., coupling reaction 

- The conjugate a s claimed i„ a ^ v . 

characterized i„ tnat the ^ / °" Claima 1 to 7, 

has a mni- i h y**»y«lkyist««* molecule 

n4S a molecular wefaht u ku lu 

»boct 1000 k>. 9 ft0i " * b <~' ^ co 

The conjugate as claimed in claim a k 

^at the hydro^yalVlat^^ , «*«-cteci*ed io 

y«j. g?t y aiXjrl5tarcb molecule has * ^i 

»i9Ht of about 4 to about 50 to . 

• conjugate as c i 5lmed in eh--*,.,* . 

"-c tne h y dr oxy al kylstarch J^"""?" 
»i*»t of about 70 tc about 1000 * D . 
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The conjugate as claimed in claim 4.0, characterized in 
that the hydroxyaJ fcyistarch molecule has a mo-.ecular 
weight of about 120 kD- 

The conjugate as claimed in any of claims 1 to 11, 
characterized in that the hydroxyaixylstarch molecule 
has a degree of substitution of about 0-3 to about 0-7. 

The- conjugate as claimed in any of claims 1 to 12 , 
characterized in that the hydroxyalkyl starch molecule 
has a ratio of C-.. to C t substi Citicn of from 8 to 12. 

The conjugate as claimed in any of claims 1 to 13, 
characterized in that the hydroxyalkyl starch molecule 
is a hydroxyethylstarch molecule* 

The conjugate as claimed in any of claims 1 to 14, 
characterized in that the protein has a regulatory or 
catalytic function, a signal transmitting or transport 
function or a function in the inmune response or 
induction of an immune response. 

The conjugate as claimed in claim 15, characterized in 
that the protein is selected froir. the group composed of 
enzymes, antibodies, antigens, transport proteins, 
bioadhesion proteins, hormones and prohormones, growth 
factors and growth factor receptors, cytokines, 
receptors, suppressors, activators, inhibitors or a 
functional derivative or fragment thereof. 

The conjugate as claimed in claim 15 or 16, 
characterized in that the protein is a-, |J- or 
y-interieron, an interleukin, a serum protein, e.g. 
albumin or a clotting factor, erythropoietin, 
myoglobin, hemoglobin, a plasminogen activator, FCCF, 



C& 02478479 2004-O»-0l 



- 32 



B&GF, SGF# FGF, NGF, PDG F rdmp rvirr 
colo„ y - s , in ,u: e ,in ? fac or NrF ' TGF ^. 

Jeptin, gastrin ,. - «.?-2, exendin, 

gastrin, secretin, an integr<n -. ™™-u . 
hormone, e.g. an adh, oxytocin a ^ • nypo * h ^^-" 
"Vroic* hormor)e , 'J *-° e "' a or statin, a 

thyroliberin, a g™ w *' thy ~ tto P^' 

hormone, U , rSK * *™£ e -*" »«-» growth 

a lectin oT'^^- - *» P~tein, 

ucin ' t>ee venom or a snak^ vo « 

ot«in, rag ,. ee(j a j:*t ve r- an 

or a Z nc -Z I ^ °" e 0f th ^= ^oteina 

t - .-newio™. derivative or fragment of one or t l s ! 
proteins or receptors. 6 * 

8- The conjugate as c i aimed ln cl 

characterized in tw 3 ° r i6 ' 

UeacinaaV aden aSFa " gi — ' argi n ,ne 
Sl^inase-aspa.eoinase, phenyl! aine T"' 

"yprophanase, tyrosinase, s.p^xL ^ 

endotojcinase. c*t-.i» ^Peroxide oismutase. 

—i.. ^^T"\,jrT"- kalli ''"- 

giucoda«e „,,„ oxidase, glucose oxidase, 

*# arui functional derivative rtv * 
thereof, aEr ivduvea or fragments 
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amount of a conjugate as claimed in any of claims I to 
19 and d pharmaceutic ally acceptable carrier and, where 
appropriate, further excipients and active ingredients. 

The use of a conjugate as claimed in any of claims 1 to 
18 or a composition as claimed in claim 19 :cr the 
therapeutic or preventive treatment of nutans or 
animals - 

A method for preparing a hydroxyalkylstarch-protein 
conjugate as claimed in any of claims 1 to 18, 
characterized in thar, a coupling reaction is carried 
out in aqueous solution between the terminal aldehyde 
group, or a functional group derived from this aldehyde 
group by chemical reaction, of the hydroxyalfc-ylstarch 
molecule and a fun^tiohiil group, which is ehlo to react 
with this aldehyde group or functional group derived 
therefrom of the hycroxyalkyistarch molecule, of the 
protein, and the bonding resulting directly in the 
coupling reaction is modified where appropriate by a 
further reaction. 

The method as claimed in claim 21, characterized in 
that the reaction medium of the coupling reaction is 
water or a mixture of water and on organic solvcntr 
where the water content uf the mixture Is at least 80%. 

The method as claimed ir. claim Zl or 22, characterised 
in chat the terminal aldehyde gro-jp of the 
hydjtoxyaifcylsrarch molecule is- converted by selective 
oxidation into the corresponding carboxjyl 
functionality, and the latter is subsequently reacted 
under activating conditions in aqueous solution with a 
free amino group of the protein, so that the 
hydroxyalkyistarch molecule is iinJced to the protein by 
an amide linkage. 
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24. The method as dair.ed in claim 23, characterized in 
that the selective oxidation of the alaehyde groco is 
carried out with iodide or metal ions in basic ccnieoua 
solution. 



25. 



26. 



The nechod as claimed tn claim 23 or 24. characterized 
in that the coupling reaction is carried out in trie 
presence of a carbociimide . 

The method as claimed in claim 2b. characterized i_n 
that the carbodiiraide is 1- (3-dimethyiaminopropyl) -3- 
ethyl.carbodiimide (EDC) . 

27. The method as claimed in claim 21 or 22, characterised 
±r> that the terminal aldehyde group of cne 
hydroxyalkylstarcfc molecule la coupled to » free a^ir.o 
group of the protein to form a SchifC'8 base, and the 
forned Schiff'a base U rcduced to thQ so ^ 

the hydroxyalky Is Larch molecule is j inksd tQ the • 
protein by an amine linkage. 

2B. The method as claimed in claim 27, characterized in 
that both coupling and reduction take place in aqueous 
solution. 

29. The method as claimed in claim 27 or 28, characterized 
ifi that the reducing agent is sodium borohydr iue, 
sodium cyanoborohydride or an organic boron complex. 

30. The method as daisied in any of claims 27 to 29 
characterized in chat the coupling and reduction 
reactions are carried out simultaneously. 

31. A method for preparing hydroxyalkylstarch which Is 
selectively oxidized at the terminal aldehyde group. 
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characterized in that the hydroxyalkyl search is reacted 
in a irolar ratio of iodine to HAS of from 2:1 to 20:1 
in basic aqueous solution. 

Tha muUiud as claimed in • claim 31, characterized in 
Chat Che molar ratio of iodine to HAS is about 5:1 to 
6:1. 

The method aa claimed in claim 31, characterized in 
that 

a) an amount of hydroxyal?*yl starch is dissolved in 
warm distil l«d water, and somewhat lees than 1 mole 
equivalent of aqueous iodine solution is added, 

b) NaOH solution in a molar concentration which is 
about 5-15 times that of the iodine solution is 
slowly added drop wise, at intervals of a plurality 
of minutes, to the reaction solution until the 
solution starts to become clear again, after the 
addition, 

c> somewhat less than l mole equivalent of aqueous 
iodine solution is again added to the reaction 
solution, 

d) the dropwiae addition of the NaOH solution is 
resumed, 

e) steps h) to d) are repeated until approximately 
5.S-6 mole equivalents of iodine, solution and 
11-12 mole equivalents of WaOH solution, based on 
the hydroxyalky Is tarch, have been added, 

f) the reaction is then stopped, and the reaction 
solution Is desalted and subjected to a cation 
exchange chromatography, and the reaction product 
is obtained by lyophilization. 

The method as claimed in claim 33, characterized in 
that the acfueous iodine solution is an approximately 
0.05-0.5N iodine solution. 
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The method as claimed in claim 33 or 34, characterized 
ia that the molar concentration of r.he NaOH solution is 
about 10 ti*es that of the iodine solution. 

A method" for prepnring hydroxy.il kylstareh which is 
selectively oxidized at the terminal aldehyde grouu, 
characterized in that the HAS is oxicized in ag-jeous 
alkaline solution wi eh a raolar excess of stabilised 
metal ions selected from Cu 2 * ions and Ag* ions. 
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